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 Future Physics

Compelling physics questions
Upgrades
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PHENIX Detector
Central Arm Tracking
      Drift Chamber
      Pad Chambers
      Time Expansion Chamb.
Muon Arm Tracking
      Muon Tracker
Calorimetry
      PbGl
      PbSc
      MPC
Particle Id
      Muon Identifier
      RICH, HBD
      TOF E & W
      Aerogel
      TEC
Global Detectors
      BBC
      ZDC/SMD  Local Polarim.
      Forward Hadron Calo.
      RXNP
DAQ and Trigger System
Online Calib. & Production

Hadron Blind

Muon Piston
Calorimeters

Muon Trigger:
µTr FEE North
RPC prototype

µTr FEE South
RPC-3 North
Install for Run-10
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PHENIX Approach
 Key physics goals

Establish nature of RHIC’s new state of matter
T, η/s, energy transport, color screening

Spin of the proton via
hadrons, direct photon, J/ψ, correlations

Gluon distribution in cold nuclear matter
 PHENIX philosophy

Rare process sensitivity → hadrons, leptons, photons
High rate capability + selective triggers
Precision measurement in multiple channels

high pT hadrons, multi-particle correlations, jets
direct γ, γ  + jet, virtual γ production
light & heavy vector mesons, open heavy flavor

 Keep up with data analysis while: taking data,
constructing upgrades, writing high impact papers
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Recent Physics Results
NB: these are NEW channels!
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Color screening?

J/ψ (bound c and c quarks) suppression!

Test color screening length (λD) :
do bound c + c, b+b survive the medium?

   does QGP screening kill the bigger ones?
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Au+Au

RAA [8.5,11.5] < 0.64 at 90% C.L.

Mike Leitch - PHENIX QM09
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p+p Au+Au
N[8.5,11.5] 10.5(+3.7/-3.6) 11.7(+4.7/-4.6)

NJ/Ψ 2653 ±70±345 4166 ±442(+187/-
304)

RAA(J/Ψ) --- 0.425 ±0.025±0.072

Upsilon suppressed in Au+Au!
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RAuAu(y=0)

J/Ψ 0.425 ± 0.025 ±
0.072

8.5<M<11.5 GeV < 0.64 at 90% C.L.

• σabs of ϒ ~1/2 of J/Ψ : E772 (PRL 64, 2479 (1990))
• nuclear matter absorption → RAuAu = 0.81

• Lattice QCD: in Au+Au - ϒ2S+3S suppressed: RAuAu = 0.73

• absorption x lattice ~ 0.73 x 0.81 ~ 0.60 ???
need serious theory estimate instead of this naïve speculation!

• e.g. Grandchamp et al. hep-ph/0507314
ALSO:
• ϒ in anti-shadowing region
• CDF: 50% of ϒ from χb (pT>8 GeV/c) & ~25%? at our pT

• PRL84 (2000) 2094

ϒ as onium melting baseline…

Should ϒ’s be suppressed?

Need more data in both Au+Au and p+p

  also d+Au to control cold nuclear matter effects

Muon arms with FVTX will contribute tremendously

Enhanced central arm acceptance with VTX! 

Mike Leitch QM09
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arXiv:0903.3399

γdirect-h z
p

pT

T

h

T

trig=

γ-jet → medium modified jet fragmentation
 *Golden* channel

γ tags jet energy → quantify medium impact
 Unfold direct γ correlations: inclusive - decay
 Map away side hadron distribution → jet

fragmentation function
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Full jet reconstruction in PHENIX
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first ΔG publication from Run-6

Almost the same
day Run 9 ended,
Run 6 π0 ALL was
published in PRL
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Recent papers
 First direct photon-jet correlations at RHIC 0903.3399

 Reaction plane dependence of high pT π0 suppression
0903.4886

 c/b separation in p+p collisions: e-h/e+e-  0903.4851,
PLB670,313 (‘09)

 π0 σ and ALL in 62.4 GeV polarized p+p PRD79,012003(2009)

 Double helicity asymmetry of π0 in 200 GeV p+p PRL103,
012003 (2009)

 Tinit from thermal photon emission 0804.4168

 First measurement of J/ψ photoproduction at RHIC
0903.2041

 Charged kaon HBT 0903.4863

    +  additional papers on correlations and fluctuations in
the bulk medium in Au+Au, as well as systematic studies of
elliptic flow measured several different ways
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Scientific impact - high & still growing!
 Since 2001:

78 publications (47 PRL)
 > 7580 citations
 Renowned papers!
     White paper -

725 citations
     Jet quenching discovery

513 citations
+ 4 other physics papers with > 250 citations

  + 18 more papers with ≥ 100 citations
  + 27 additional 50+ Topcite papers
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Dihadron correlations: PRC78, 014901, 2008 (primary author J.Jia)
Most cited Nuclear Experiment paper of 2008, 2nd of all Nuclear
        #73 most cited of ALL 2008 papers! (SPIRES)
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RHIC has broad intellectual impact!
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PHENIX attracts many talented young people

89 Ph.D. degrees earned on PHENIX

15 Masters/Diploma theses

+ 79 Ph.D. students working
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In the just completed Run-9
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(Re-built) Hadron Blind Detector - HBD

16
Windowless Cerenkov detector with

CF4 avalanche/radiator gas (2 cm
pads)

signal electron

Cherenkov 
      blobs 

partner positron
needed for
rejection

e+

e-

θpair

opening
angle

~ 1 m

CsI photocathode
covering triple GEMs

Removes Dalitz & conversion
pairs (small opening angle)
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HBD Works! (very well)

17

Clear separation of signal and
background

Suppression of background pairs
increases effective statistics
by factor 8-16

 Rebuilt for Run-9
 Available for use in

Runs 9, 10
 Will be replaced by

VTX after Run-10

~40 pe

22 pe

few pe hadron blind!

double e background
(Dalitz, conversion):
40 photo-electrons

signal
(separated electrons):
22 photo-electrons
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MuTrig Status: ready for Physics in Run-11

MuTr.N operational
in Run-9

Good efficiency!

Users’ Meeting 2009

18

From collision or
out going beam

From beam
background

 Engineering run
for sectors in 2
RPC planes on
south arm

 Timing info helped
understand
background in
first 500 GeV run

Test assembly of RPC-3 half octant 
support structure at UIUC
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RUN-9 500 GeV: First Look at W

Energy (GeV)

A Typical W-like event
Single electron from W decay

Fast track analysis by
W task force

Goal: sea quark polarization from W-boson asymmetryGoal: sea quark polarization from W-boson asymmetry
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Operations
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PHENIX data > 0.5 PB per year

 Production teams drawn from collaboration

Run-7: Carla Vale, Run-8: Alex Linden-Levy,

Run-9: Jeff Mitchell

Raw Data Collected in RHIC Runs
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22Jeffery T. Mitchell - PHENIX Detector Council - 7/8/09

online calibration & reconstruction!

J/Psi in Run-9

500 GeV p+p

• Reconstruction for Run-8 is complete
in Japan, RCF, PHENIX Counting House

• Reconstruction of 500 GeV p+p in progress
• Run-9 production will complete before Run-10 begins.
• PHENIX data production keeping pace with data taking!
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~89%89%90%82%Livetime
p+pd+Au, p+pAu+AuAu+AuSpecies
200920082007 (last 2 wks)2007Year

“Livetime”: fraction of delivered luminosity within ± 30 cm sampled by the
PHENIX Level-1 triggers. Vertex cut = 56% (>Run-8 due to bunch shape)

PHENIX DAQ efficiency

Livetime similar -> DAQ improvements but events larger (HBD, MuTrig)
DAQ uptime = ~60% (vs. ~75% Run-8) counting all DAQ operation

took more calibrations for systematics
Total ~ 33% - similar to last year
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The issues
1) The vertex distribution σ = 35 cm
       need it narrowed (56 MHz RF?)
       but VTX detector is ± 10 cm
2) Must ramp HV once store is stable
       HV control software modification
           maybe a modest gain
       Longer stores → fewer end effects
3) Need to keep DAQ running
    Improve basic infrastructure 

(cooling)
85ºF
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Utilizing increased luminosity
 Now:

DAQ 5kHz bandwidth
 7kHz p+p ~90% live
Before Run-7:
record every Au+Au

minbias event
In Run-7: 80% of 7 kHz
In p+p, Lvl1 triggers

reduce 200-400 kHz
rate to ~6kHz of
useful events

      PHENIX effectively
samples full luminosity
for all rare channels

• Future:
• 7MHz p+p@500GeV
• 2MHz p+p@200GeV
• 40kHz Au+Au
Event size *1.7 with Si

detectors

• Previous trigger
strategy insufficient
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DAQ/Trigger 2010 Upgrade Plan

Need by 2011T0/trigger barrelConstruct

Need by 2011

Ready in 2010

Ready in 2011

Need by 2012

Real Time Trigger
Analysis Farm

Purchase

De-multiplex FEE

Upgrade EVB switch
(10 Gb/s) & machines

Faster DCM-II

Upgrade Local L1
trigger (multiple z vx)

Develop

EMCAL FEE trigger
match/rejection (e±)

Replace
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Future Physics
And

Exploiting the Vertex Detectors
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Upgrades→physics capabilities→run plan

HP13
DM8

~ all

HP8
HP12

DM12

DM12
DM11

DM6

Milest.

p+p, d+Au (Au+Au)⊥ spin γ, γ-jet; yields2013?FOCAL

200 GeV Au+Au
200, 500 GeV p+p

Heavy flavor with
RHIC-II luminosity

2010-12DAQTrig
2010

500 GeV p+pW asymmetry at
forward rapidity2009/10

2011/12

µ trigger
 µTr FEE
 RPC

200 Au+Au,p+p,d+Au
500 GeV p+p

ψ’, heavy flavor y>12012FVTX

200Au+Au,p+p,d+Au
500 p+p; lowE Au+Au

c, b separation
mid-y hadrons in 2π

2011VTX

Au+Au at √ sNN=
200, 62.4, 39 GeV

Tinit, thermal e+e-,
chiral symmetry,
mesons in medium

2009 &
2010
only

HBD

beam/energyPhysics goalyearupgrade
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What are the properties of the QCD liquid?
 J/ψ flow (coalescence vs. screening) and screening length?

J/ψ v2 , spectroscopy of heavy quark bound states
 How is energy deposited to/transported in the medium?

γ-h correlations, h-h correlations, full jets, fate of direct γ
 Evidence for chiral symmetry restoration? Low mass e+e-

 Are b quarks stopped by the medium? separate c & b
 Can we see gluon saturation? x depend. of π0 in d,Au + Au
 How do highest energy densities differ?
 Where is the QCD critical point?
→ Extend sensitivity via increased integrated luminosity

short term: order of magnitude ∫L over existing Run-4!
     combined Run-7 + Run-10

→ longer term: RHIC-II luminosity Au+Au with VTX,FVTX,NCC
       c/b separation, scan γ and π0 vs. x

→ U+U in Run-12 (energy density ~ 60% higher than Au+Au)
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VTX Physics

30

 Heavy Flavor probes via
displaced lepton vertex

      RAA(pT) of e± from c, b decay,
separated

       v2 (pT) of e±

 Jet tomography (di-hadron, γ-
hadron, c-hadron correlations)
Large acceptance tracker

 Gluon polarization ΔG(x) in
polarized p+p

       Double spin asymmetry ALL
of heavy flavor (separated c,b)

       ALL via γ-jet

PRL 98, 172301 (2007)

VTX barrel |η|<1.2
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VTX Design Performance

31

 In single electrons at high pT
b component is not small

 VTX can separate b and c by
detecting displaced e vertex

    (full MC chain with detector
response & analysis code)

Expected with VTX (0.4/nb ~3 weeks in RUN11)

RHIC/AGS Users’ Meeting 2009Stefan Bathe

arXiv:
0903.4851

N
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 Stripixel simulation reproduces 120 GeV proton data.
 No change required in ADC gain parameter in the simulation.
 X/U charge sharing in the beam test data reproduced after minor

tuning of a simulation parameter

Charge distribution in X and U X/U charge sharing 

Tune simulation to testbeam data



dca (cm)

Blue: open beauty + Hijing
Red: open charm + Hijing

Heavy flavor electrons merged in MB Au+Au 
Hijing events. All transverse momenta.

Example of c/b separation by
deconvolution of DCA distribution

Current status:
   - Software and integration into PHENIX framework complete.
   - Simulated DSTs produced. Currently increasing available statistics.
   - Step 1: “non-blind” analysis to tune software.
   - Step 2: measure c/b ratio in “blind” sample, iteratively.

    EXERCISES VTX PHYSICS ANALYSIS BEFORE RUN-11

Blind analysis challenge
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Forward Silicon Vertex Detector (FVTX)
Single Muons:

• Precision heavy flavor and hadron measurements at forward rapidity
• Separation of charm and beauty
• Additional W background rejection

Dimuons:
• First direct bottom measurement via B→J/ψ
• Separation of J/ψ from ψ’  with improved resolution and S:B
• First Drell-Yan measurements from RHIC
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FVTX blind analysis challenge

all B → µ
all D → µ ，
π-, K- ,
blind
(c+b+ minbias)

Pt=1GeV/c

Pt=2GeV/c

From dca_r distribution,  fit and extract the ratio of  c/b at each pT bin
Now running 10 million blind events
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Silicon pads +silicon strips +tungsten
• Provides calorimeter coverage in the range 1.5 < η < 3.0

• No calorimeter coverage in this pseudorapidity range in PHENIX
• Shadows both the Muon spectrometer and silicon FVTX endcaps

• 3 longitudinal segments including preshower for γ / π o separation
•21 Xo
•ΔE/E ~ 23%/E 1/2

• Low x γ,π0 for ΔG, gluon saturation; AN (π0, jets)
• Two particle correlations with γ -jet

FOrward CALorimeter (FOCAL)

Geant simulation
20 GeV π0

MIP peak in strip layer
S/N= 15.5

FOCAL Test at CERN PS.
    ΔE/E ~23%/E1/2 PROPOSAL

IN FALL
2009
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Issues and Concerns
 Successful spin program requires

Improved polarization at 500 GeV (in 2011)
Increased luminosity at 200 GeV (after 2012)

 Manpower continues to be a concern
Upgrades & new physics opportunities maintain

collaboration momentum
But LHC and J-PARC offer attractive options
Special challenge is international engagement
DOE support through ops, ARRA funds is key!

 Need same commitment to university groups
It is where many of the people are
Crucial role in PHENIX operations

many subsystems built & run by universities
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Summary and Outlook
 PHENIX is extraordinarily effective and productive

Sensitivity, high rate capability, superb data throughput

 RHIC producing compelling nuclear physics
Broad intellectual impact on other fields
Attracts young people to nuclear physics

 Exciting short/med term future → characterization of QGP
Upgrades: new observables & reach
VTX software will be ready with the hardware

 Explore strongly coupled liquids → future through 2020
August collaboration meeting: 2nd decade of PHENIX

anticipate BNL call for new decadal plan
Will require further upgrades to explore questions

unknown in 2001 and ensure robust detector to 2020
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backup slides
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Unprecedented range & precision!

Universal Levy fit of meson & (non-strange)
baryon spectra in p+p → mT scaling

Suppression in central Au+Au
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Detector issues with high luminosity?

 PHENIX detectors are primarily fast detectors
High rate anticipated in original design

 Wire chamber aging at more rapid rate
Beginning evaluation of options

 Change in calibration strategies, particularly for DC
Completed & implemented
Use hits from reconstructed tracks to calibrate

drift time

 Pattern recognition and efficiency under study
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Backgrounds at 500 GeV

 Data analysis underway…

 First taste of >1 MHz interaction rates
 Demonstrated operability of detectors
 Multiple collisions per crossing and in adjacent

crossings
Learned how to deal with it
Revised drift chamber calibration approach

 Scaling the backgrounds to the collision rate
worked OK as a rule of thumb

 RPCs provided key monitoring instrumentation
Probably would like to install additional monitors
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FOCAL R&D ongoing

Users’ Meeting 2009Stefan Bathe

44 Test beam to demonstrate
 response, benchmark
 simulation



Year  # Milestone  

2009 DM4 Perform realistic three-dimensional numerical simulations to describe the 

medium and the conditions required by the collective flow measured at 

RHIC. 

2010 DM5 Measure the energy and system size dependence of J/  production over 

the range of ions and energies available at RHIC. 

2010  DM6 Measure e
+
e

-
 production in the mass range 500 ! me+e- ! 1000 MeV/c2 in 

"sNN = 200 GeV collisions.   

2010 DM7 Complete realistic calculations of jet production in a high density medium 

for comparison with experiment.    

2012 DM8 Determine gluon densities at low x in cold nuclei via p + Au or d + Au 

collisions. 

2015 DM9 

(new) 

Measure bulk properties, particle spectra, correlations and fluctuations in 

Au + Au collisions at "sNN from 5 to 40 GeV to search for evidence of a 

critical point in the QCD matter phase diagram.  

 

2014 DM10 

(new) 

Perform calculations including viscous hydrodynamics to quantify, or 

place an upper limit on, the viscosity of the nearly perfect fluid discovered 

at RHIC. 

2014 DM11 

(new) 

Measure jet and photon production and their correlations in A#200 

ion+ion collisions at energies from "sNN = 30 GeV up to 5.5 TeV.  

 

2016 DM12 

(new) 

Measure production rates, high pT spectra, and correlations in heavy-ion 

collisions at "sNN = 200 GeV for identified hadrons with heavy flavor 

valence quarks to constrain the mechanism for parton energy loss in the 

quark-gluon plasma. 

 

2018 DM13 

(new) 

Measure real and virtual thermal photon production in p + p, d + Au and 

Au + Au collisions at energies up to "sNN = 200 GeV.  

 

 

Future HI
Milestones

Requires upgrade



46

Spin Physics Milestones

HP13

HP12

HP8

#

Test unique QCD predictions for relations between
single-transverse spin phenomena in p-p scattering
and those observed in deep-inelastic lepton
scattering.

2015

Determine if gluons have appreciable polarization
over any range of momentum fraction between 1 and
30% of the momentum of a polarized proton.

2013

Measure flavor-identified q and q contributions to the
spin of the proton via the longitudinal-spin
asymmetry of W production.

2013

MilestoneYear
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MUTRIG ready for physics in Run-11

July 15, 2009 47

Minimum Ionizing Particle

• Good efficiency for MIPs
• MUTR.N installed & read out
• Partial installation for test in
        MUTR.S to cover RPC
• Prototype trigger logic tested

Station 1

Station 2

Station 3
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RPCs: trigger level timing
• Engineering run for

sectors in 2 planes on
south arm

• Timing has illuminated
background already

From collision or
out going beam

From beam
background

Test assembly of RPC-3 half octant 
support structure at UIUC
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FVTX Construction Status

Wedge Prototypes Produced and Tested
• Successful design/test of FPHX readout chip
• Successful design/test of prototype sensor
• Working High Density Interconnect (HDI)
• All specifications met on prototypes

Wedge and Full Detector Assembly
• Wedge assembly procedures and fixtures

developed and worked well with prototypes
• BNL area prepared for disk assembly

DAQ
• ReadOut Card (ROC) designed, programmed and

successfully used to readout multiple wedges
• Full FEM FPGA designed and prototype in progress

Mechanics
• Wedge, disk and cage designs (mostly) ready for

production
Project Complete June 2011

Prototype Wedges

HDI

ROC

Assembly

Cage



Melynda Brooks, FVTX Annual Review Nov 2008
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Progress on FVTX Review Homeworks

“A complete heavy flavor RAA analysis chain with
realistic DCA errors should be demonstrated “

DCA with current design shown to be same as Nov.
2007 Science Review.  Blind Analysis underway to
reproduce physics plots.

“The simulation package for the readout chain
should be enlarged to include capability to
determine where the high data rate bottlenecks
occur”

Full FPGA simulation performed, as well as offline
simulation to look at bottlenecks

“The collaboration should design a normal printed
circuit board as the first multi-chip module to test
the FPHX prototype run.”

Done.  Used to establish multi-chip performance
and allowed 2nd round FPHX prototype to be
submitted

Nov. 2007
simulation

PCB for
chip

testing
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Start: 2009(tests)/2010(trigger) with 500 GeV p+p

ΔG not large: sea quarks polarized? d vs. u?

unpol.

u

! 

"d + u  #W
$

"u + d #W
$

"d + u#W
+

"u + d #W
+

p

p

100% Parity-violating:

Probe Δq-Δq via W production
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PHENIX has fully pipelined “deadtimeless”
DAQ (+Front End Electronics and Triggers).

Similar to CDF,D0 (with slower clock) and
ATLAS, CMS (with faster clock).

Thus, we can run at close to Level-1 trigger
capacity at very high livetime.

Level-1 triggers:   Interaction triggers (BBC, ZDC)
   Muon triggers (MuID)
   Photon triggers (EM Calorimeter)
   Electron triggers (EM Calorimeter + RICH)

PHENIX DAQ



Charm & bottom cross section in p+p
CHARM BOTTOM

Dilepton measurement in agreement
with single electron, single muon, and
with FONLL (upper end)

Dilepton measurement in agreement
with measurement from e-h correlation
and with FONLL (upper end)
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PHENIX run history

0.6 PB via Grid
transfer to
CC-J in 05/06
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Have met all RHIC milestones to date

AchievedMake measurements of spin carried by the
glue in the proton with polarized proton-
proton collisions at center of mass energy,
√sNN = 200 GeV.

2008
HP1

ExceededMeasure high transverse momentum jet
systematics vs. √ sNN up to 200 GeV and
vs. system size up to Au + Au.

2007
DM3

ExceededMeasure flow and spectra of multiply-
strange baryons in Au + Au at √ sNN =
200 GeV.

2007
DM2

AchievedMeasure J/Ψ production in Au + Au at
√ sNN = 200 GeV.

2005
DM1

StatusMilestoneYear
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How does this exotic matter work?
properties!

 Viscosity/entropy ratio is very low
a “perfect” liquid
How low? Why? Consequences?

 Opacity very high
Effectively stops quarks & gluons
Do even b quarks screech to a halt?
How and why?

 Matter may support shock waves
What’s the speed of sound?
Damping?
Other transport properties?

 Color screening magnitude?

Example of the
viscosity of milk.
Liquids with higher
viscosities will not
make such a
splash when
poured at the same
velocity.
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Silicon Vertex (VTX & FVTX)

 VTX: silicon VerTeX barrel tracker
Fine granularity, low occupancy

50µm×425µm pixels for L1 and L2
R1=2.5cm and R2=5cm

Stripixel detector for L3 and L4
80µm×1000µm pixel pitch
R3=10cm and R4=14cm

Large acceptance
|η|<1.2, almost 2π in φ plane

Standalone tracking

 FVTX: Forward silicon VerTeX
tracker
2 endcaps with 4 disks each
pixel pad structure (75µm x 2.8 to

11.2 mm)FVTX endcaps
1.2<|η|<2.7
mini strips

VTX barrel |η|<1.2

RHIC/AGS Users’ Meeting 2009Stefan Bathe
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VTX status

 All components are in production
 Very successful review in June 2009.

“The detector now appears to be on a trajectory leading to a likely on-
budget/on-schedule completion”

Installation in PHENIX in fall 2010

Pixel full ladder

Stripixel ladder

S/B=10

SPIRO FEE

RCC LDTB

σ=14µm
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 Specifications:
Large acceptance (Δφ ∼ 2 π  and |η| < 1.2)
Displaced vertex measurement σ < 40 µm
Charged particle tracking σp/p ~ 5% p at high pT
Detector must work for both HI and pp collisions.

 Technology Choice
Hybrid pixel detectors developed at CERN for ALICE
Strip detectors, sensors developed at BNL with FNAL’s SVX4  readout chip

Barrel VTX Detector

Hybrid Pixel Detectors  (50 µm x 425 µm) at R ~ 2.5 & 5 cm
Strip Detectors (80 µm x 3 cm) at R ~ 10 & 14 cm

|η|<1.2
φ ~ 2π
z ∼ ± 10 cm

beam pipe

pixel layers 

strip layers
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VTX performance on c,b separation

ce

be

c,be

w/ VTX & RHIC II 
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Forward Silicon Vertex Detector - FVTX

FVTX Specifications:
 2 endcaps
 4 pixelpad layers/endcap
 ~550k channels/endcap
 Electronics a mod of BTeV

readout chip
 Fully integrated mech

design w/ VTX
 2π coverage  in azimuth and

1.2 < | η | < 2.4
 Better than 100 µm

displaced vertex resolution
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Enhanced x coverage 

Forward Silicon Vertex Detector - FVTX

Physics Program of FVTX includes
 Resolving J/ψ and ψ’ in Muon arms
 Resolving ϒ at y=0 using Muon arms
 Direct measure of B meson through displaced J/ψ
 Drell-Yan Measurements in dAu at both forward and

midrapidities
 c, b ID for both HI physics & ΔG spin measurements
 Nuclear modification factor (CGC effects) in dAu

using hadrons, c, b, and J/ψ

Direct measure of B

B→ J /ψ → µ µ

Prompt

J /ψ 

c, b suppression at forward η

 

Au+Au

J/ψ, ψ’ separation



Data taking efficiency

Run-7:
Up to 5 kHz event rate
700 Mb/sec
Take ~80-90% of ALL
Min bias Au+Au

Run-8 d+Au:
7 kHz event rate


